ABSTRACT In future 5G communication systems, supporting high-quality wireless communications in high-mobility scenarios becomes very essential. Although many existing works indicate that increasing transmit power is able to reduce the handover failure probability (referred to as the power greedy scheme) through improving the radio condition or received signal strength, it goes against the requirement of green system design. In this paper, we investigate the effect of power adjustment on handover performance from the perspective of reducing the ''uncertainty'' in handover procedure in high-speed railway communications systems by embedding it into the existing handover procedure. It is shown that, with power adjustment, the handover performance can be improved without increasing extra energy consumption. The power adjustment-assisted handover scheme is applied to a high-speed railway scenario with distributed antenna system (DAS) cells. Both the blanket transmission-based handover scheme and the remote antenna unit selection transmission-based handover scheme are discussed for DAS cells. To evaluate the performance, the handover probability, handover failure probability, and communication interruption probability associated with two handover schemes are analyzed. Moreover, two new performance metrics, named handover occurrence probability and handover failure occurrence probability, are defined to efficiently evaluate the handover performance versus the position of the train. Both the analytical and the numerical results show that introducing power adjustment into handover gives ability to achieve a better performance compared with the current existing ones. Moreover, the power adjustment-assisted handover scheme is capable of achieving the similar system performance to existing power greedy scheme but without increasing energy consumption.
I. INTRODUCTION
A. BACKGROUND To satisfy such demands, three main problems need to be overcome. Firstly, due to the alloy carriage of the train, the radio signals suffer tremendous penetration loss which is even up to 20dB and the received signal quality at the passengers is greatly degraded. Secondly, due to the severe Doppler effect, the synchronization between the train and the base station (BS) is nontrivial to achieve. For example, the Doppler shift is up to 833Hz when the speed of the train is 300km/h with the carrier frequency being 3GHz [8] . Thirdly, due to the high moving speed of the train, the handover is triggered frequently and high handover failure rate interrupts the communication severely.
The challenges mentioned above coexist in the handover scenarios when the train goes through the overlap region between two neighboring cells. Therefore, how to reduce the handover failure probability and improve the communication quality in HSRC handover scenarios becomes very essential.
Basically, there are two known handover strategies in wireless mobile systems, i.e., soft handover and hard handover. In 3G systems, both soft handover and hard handover were adopted to support the mobility of users. However, in 4G systems, soft handover was not employed anymore. The main reason is that in 4G systems OFDMA is adopted, where two neighboring cells are assigned with orthogonal subchannels, and one user is not allowed to listen to two different cells at the same time during the handover. As a result, only the hard handover is supported by LTE. In future 5G systems, heterogeneous networks will be integrated, also inheriting some advanced technologies in LTE. Thus, the hard handover will still be remained as one of the most important handover strategies in 5G systems. Besides, hard handover is easier to be implemented and also consumes fewer network resources compared with soft handover. Thus, in this paper, we investigate the hard handover for HSRCs in future 5G system.
As for hard handover, the moving train has to first break the current connection with the serving cell and then establish a new connection with the target cell. If the connection establishment with the target cell fails, the handover will fail. In this case, the communication will be interrupted until the connection with the target cell is re-established successfully. Therefore, how to achieve higher handover successful rate for the first handover process greatly affects the communication quality of HSRC systems.
B. RELATED WORK
So far, the hard handover issue for HSRC systems has been investigated in many existing works (see e.g., [9] - [14] ). To reduce the handover failure probability, the key point lies in how to improve the radio condition, i.e., the received signal strength (RSS). To this end, in [9] and [10] , multiple antennas were equipped on the train and the BS, respectively, because multiple antennas could provide spatial degree of freedom (DoF) gain to enhance the RSS. However, compared to the distance between the BS and the train, that between the antennas equipped on the BS or on the train is small enough, so the channels between the BS and the train over multiple antennas experience the same propagation pathloss, which means when the train is relatively far away from the BS, all channels suffer from severe large-scale pathloss fading. Therefore, some existing works (see e.g., [11] - [14] ), introduced the distributed antenna system (DAS) [15] into HSRC, in which remote antenna units (RAUs) were deployed along with the railway. By doing so, the information from the BS is first transmitted to RAUs over optical fiber links and then broadcast by RAUs to the train yield very different handover performances so that the transmission distance between the BS and the train is reduced which greatly enhances the RSS. In such a DAS cell for HSRC, different transmission schemes can be adopted, e.g., the blanket transmission scheme and the RAU selection transmission scheme [15] .
Although different transmission schemes have the same handover procedure, they may yield very different handover performances. In [11] , both blanket and RAU selection transmission schemes were adopted in DAS cells for HSRC and in [12] , the RAU selection transmission scheme was considered in HSRC with the multiple antennas technology. However, in their works, no power adjustment was involved, which means that if one desires to improve the handover performance with existing schemes, more transmit power will be required. This goes against the green communications' design target in 5G [16] , [17] .
C. CONTRIBUTIONS
In this paper, we introduce power adjustment to existing handover procedure in order to investigate the effect power adjustment on handover performance. The main idea of the power adjustment is to reduce the ''uncertainty'' in handover procedure by avoiding the handover occurrence when the RSS from the target cell is poor and triggering the handover when the RSS gets better. As a result, the RSS from different cells become more distinguishable, which results in better handover performance. The power adjustment assisted handover scheme is applied to a high-speed railway scenario with DAS cells, where both the blanket transmission based handover scheme and the RAU selection transmission based handover scheme are investigated.
The contributions of our work can be summarized as follows.
• Power adjustment is introduced to existing handover procedure aiming at reducing the handover failure probability for HSRC systems, without increasing energy consumption. Note that as in high-mobility scenario, it is difficult to get the precise channel state information (CSI) along time, so our power adjustment just roughly adjust the power in the overlap region by one parameter without knowing the precise CSI. Therefore, it is easy for practical deployment not only because of its operation simplicity but also its low computational complexity, since it does not allocate power in fine temporal granularity.
• In order to more accurately characterize the system handover performance, two new metrics, i.e., the handover occurrence probability and the handover failure occurrence probability are defined, where the handover occurrence probability describes the probability that handover is not triggered before the given position but occurs at the given position. The handover failure occurrence probability describes the probability that handover occurs at the given position but fails.
• Both the blanket transmission based handover scheme and the RAU selection transmission based handover scheme are investigated, where the explicit expressions of the handover probability, the handover occurrence probability, handover failure probability, the handover failure occurrence probability and communication interruption probability associated with the two schemes are presented.
• Simulation results are provided to demonstrate the effect of power adjustment on handover. It is shown that introducing power adjustment into handover is able to greatly reduce the handover failure probability and communication interruption probability without increasing extra energy consumption. The rest of this paper is organized as follows. Section II describes the system model and existing handover procedure. In Section III, the power adjustment is presented. In Section IV, the analytical expressions of several performance metrics are given, and both the blanket transmission based handover scheme and the RAU selection transmission based handover scheme are analyzed. In Section V, the simulation results are given. Finally, some conclusions are given in Section VI. 
II. SYSTEM MODEL A. NETWORKS MODEL
Consider HSRC system as shown in Figure 2 , where a train goes through the overlap region of two neighboring cells. The train passengers desire to communicate with the railwayside BS via the train relay station (TRS) and some access points (AP) inside the train's carriage over a two-hop communication architecture. When passengers intend to access the Internet via the BS, in the uplink, APs firstly collect the information from the passengers and then send it to the BS with the help of TRS, and in the downlink, the BS firstly transmit information to the TRS and then the TRS helps to forward the information to passengers through the APs. Therefore, the pathloss between the BS and the train passengers is released. With such a two-hop transmission architecture, all passengers within the train can be treated as a ''big user'' of the BS. Thus, the heavy implementation overhead of the group handover, where all passengers require handover at the same time, is also avoided.
As mentioned previously, the RSS plays a very important role in handover. However, the poor channel condition in the overlap region between two neighboring cells and the effect of the Doppler shift degrade the RSS greatly. To provide high-quality wireless coverage of radio signals to the train, the DAS cell is considered in this paper, which can enhance RSS at the train by reducing the transmission distance. The architecture of the DAS cell is illustrated in Figure 2 . Each DAS cell includes a master BS and N RAUs. Each RAU physically connects with the master BS over an optical fiber link. Due to the high transmit speed of the optical fiber link, the transmission delay between the master BS and the RAUs can be neglected. There are two popular transmission schemes in DAS cells, i.e., the blanket transmission scheme and the RAU selection transmission scheme. In the blanket transmission scheme, the transmit power of the cell s is allocated to its all RAUs equally. In the RAU selection transmission scheme, the transmit power of the cell s is allocated to the RAU with the strongest channel condition to the train. In our system, the RAUs are deployed along the straight railway equidistantly and both two transmission schemes are considered. Moreover, the cells are regarded as energy constrained cells [18] , which means for a given time period the total energy consumption is fixed or the average available power is fixed.
For convenience, a reference coordinate is established in Figure 2 , where the original point ''O'' is the cross point between railway track and its vertical line through the serving master BS, and the train position x is measured by the distance between the antenna on the top of the train and the original point. The distance of two neighboring BSs in two neighboring cells is d s . The distance between two neighboring RAUs in one DAS cell is d r . The distance between the serving/target master BS and the railway is d 0 . The distance between RAUs and railway is d u . The speed of the train is v.
In the following, we use s to denote the cell s, where for convenience ''s=1'' represents the serving cell and ''s=2'' represents the target cell, and n to denote the n-th RAU where 1 ≤ n ≤ N .
Since the handover schemes are not sensitive to smallscale fading, the channel in this paper mainly depends on the large-scale fading, which includes pathloss and shadow fading, similar to the assumption in [9] and [11] . Moreover, the high mobility of the train over the train-ground link induces serious Doppler frequency shift which causes the detrimental inter-carrier interference (ICI) and can be treated as a part of white noise [19] . Therefore, the effect of Doppler shift is also considered. The expression of ICI is given by [20] 
where f d is the maximum Doppler frequency, and T s is the symbol duration. J 0 (.) is the zero-th order Bessel function of the first kind. The real RSS with the consideration of P ICI can be expressed by
where R s indicates the real RSS (in dB) from the cell s and P r is the received RSS (in mW ). From (1) and (2), it can be seen that, higher speed v induces larger P ICI , which results in weaker RSS.
B. EXISTING HANDOVER PROCEDURE
In order to describe how to embed the power adjustment into the existing handover procedure clearly, in this subsection, we give a brief introduction of an existing handover procedure which is the basis of our scheme. At first, the handover condition from the serving cell to the target cell can be expressed by
where R s (s ∈ {1, 2}) represents the actual RSS from the serving cell or the target cell, H is the predefined margin. Since cells in the railway network are arranged in a chain (or a linear) structure, the RSS from the serving cell decreases and that from the target cell increases as the train moving towards the target cell from the serving cell, and thus, the RSS from the serving cell cannot be larger than that from the target cell by H . As a result, the repetitive handover between the serving cell and the target cell, refer to as the ping-pong effect, can be greatly mitigated. The serving cell helps the train to trigger a handover based on the handover condition. The handover procedure (see Figure 3 ) is described as follows.
1) HANDOVER PREPARATION
1) The train issues the Measurement Report including the RSS from TRS to the serving cell periodically. 2) When the handover condition is met, the serving cell sends a handover request message to the target cell. Then the target cell makes an admission control & configure and sends ACK to the serving cell.
2) HANDOVER EXECUTION
3) The serving cell continues transmitting data received from the core network to the train. Meanwhile, the target cell requests one duplicated data from the core network by dual-casting. 1 4) Once the TRS receives the Handover Command from the serving cell, it breaks the connection with the serving cell and establishes a new connection with target cell.
3) HANDOVER COMPLETION
5) When the train finishes the handover, the target cell becomes the serving cell and it requests to the core network to finish the dual-casting to the former serving cell. Then, the data is only transmitted to the target cell, and the serving cell releases the resource associated to the TRS. The procedure above will be repeated continuously. Based on (3), it is observed that a handover is triggered mainly based on the actual RSS from two neighboring cells, which is included in the Measurement Report. Thus, to improve the handover performance, one should concentrate on how to adjust the RSS.
III. POWER ADJUSTMENT ASSISTED HANDOVER
The most intuitive methods to improve the handover performance focus on enhancing the RSS by increasing the transmit power. However, such a method is not green. In this section, we introduce power adjustment into the existing handover procedure which improves handover performance from the perspective of reducing the uncertainty?in handover. With the power adjustment, the handover performance can be improved without requiring more energy consumption.
A. BASIC IDEA OF POWER ADJUSTMENT
If there is no fading, the RSS from the two neighboring cells should be determined by the pathloss as shown in Figure 4 where the handover is triggered in a certain position. However, in practical, the impact of the fading on the RSS makes the RSS vary dramatically as shown in Figure 5 . As a result, the handover may be triggered ''uncertainly'', which may frequently cause handover failure [10] , [12] . Therefore, our main idea to improve handover performance is to reduce the ''uncertainty'' in the handover so that the RSS can be more distinguishable as shown in Figure 6 .
To do so, let us review the handover issue mathematically. The most important metric to evaluate a handover scheme is the handover failure probability, which indicates the probability of that the handover condition is met but the average RSS from the target cell is lower than a predefined threshold. The expression of handover failure probability is given by
where T is the minimum service required RSS.
It can be observed from (4) that to avoid the handover failure or reduce the handover failure probability, there are two main methods.
• Method 1: Guarantee R 2 (x) > T as much as possible, when • Method 2: Avoid R 2 (x) − R 1 (x) > H as much as possible, when R 2 (x) < T . Method 1 can be easily achieved by increasing the transmit power at each BS. We refer to this procedure as the power greedy scheme. However, this scheme involves more power consumption and cannot inherit the benefit of method 2, since it has no impact on
To inherit the benefit of both method 1 and method 2, we embed power adjustment into the existing handover procedure described in Section II-B to reduce its failure probability without increasing extra energy consumption.
B. POWER ADJUSTMENT ASSISTED HANDOVER
The overlap region can be divided into two subregions as shown in Figure 7 . The first subregion is from A to B and the second subregion is from B to C, where A and C are the starting point and the ending point of the overlap region, 2 respectively, and B is the middle point of two neighboring cells.
The power adjustment is described as follows. 1) Within the first subregion (A, B), the train is closer to the serving cell and farther away from the target cell, so the pathloss from the target cell remain serious, which means that R 2 (x) < T is true with high probability.
In this case, we should try the best to avoid the occurrence of R 2 (x) − R 1 (x) > H caused by a sudden fading on the RSS from the serving cell (method 1). To this end, within this subregion, we need to increase the transmit power of the serving cell and decrease the transmit power of the target. 2) Within the second subregion (B, C), the train is closer to the target cell and farther away from the serving cell, so the pathloss from the serving cell to the train is more serious, which means that R 2 (x) − R 1 (x) > H is true with high probability. In this case, we should try the best to guarantee R 2 (x) > T (method 2). To this end, we increase the transmit power of the target cell and decrease the transmit power of the serving cell. With the power adjustment, within the first subregion (A, B), the handover failure probability can be reduced by not letting the handover be triggered, and within the second subregion (B, C), the handover failure probability can be reduced by avoiding the communication interruption when handover is triggered. As a result, the handover is likely triggered in the second subregion (B, C), where the train is closer to the target cell and the RSS is expected to be better than that from the serving cell due to the smaller pathloss, so the handover failure probability could be reduced intuitively.
To keep the total energy consumption of each cell unchanged within the overlap region, one can first increase/decrease the transmit power and then decrease/ increase that by accurate power allocation. However, it requires the instantaneous channel information from the train, which is quite hard to achieve at each BS. Fortunately, for HSRCs, we can estimate the channel information based on the position of the train approximately. Therefore, to make the considered power adjustment practical, we adopt a simple power adjustment with a parameter G (See Figure 7) .
C. OPTIMAL POWER ADJUSTMENT PARAMETER
For the power adjustment, the most important thing is to find the power adjustment parameter G.
Theorem 1: The optimal power adjustment can be given by
where P max means the maximum transmit power at each cell, P t denotes the current transmit power of each cell (0 < P t ≤ P max ), and {λ} + means the maximum of λ and 0. Proof: Generally, the larger G is, the better performance is. However, we cannot adopt a infinite large G due to the maximum transmit power constraint. Besides, we cannot let any BS work at negative power. As a result, (5) gives the maximum power that each BS can adjust.
If each BS always works at the maximum power level, e.g., the power greedy scheme, the RSS can be enhanced. However, it consumes too much power. The power adjustment assisted handover procedure intends not to increase the current transmit power level but achieve the similar system performance to the result of the power greedy scheme, since by employing the power adjustment, only the BS, which is connecting the train, works at the maximum power level.
The power adjustment assisted handover procedure is shown in Figure 8 . The main difference between the power adjustment assisted handover procedure and the existing one in Figure 3 is listed in the step 2) of Figure 8 . The power adjustment in the overlap region helps to enhance the RSS and reduce the ''uncertainty'' in the handover procedure, so that the handover failure probability can be reduced as analyzed above.
IV. PERFORMANCE ANALYSIS
In this section, we try to answer how to evaluate the handover performance gain of introducing power adjustment into handover procedure. We first give some definitions of the system performance metrics, such as the handover probability, handover failure probability and communication interruption probability. In order to more accurately characterize the system handover performance, two new metrics, i.e., the handover occurrence probability and the handover failure occurrence probability are defined.
A. DEFINITION OF PERFORMANCE METRICS 1) HANDOVER PROBABILITY
The handover probability denotes the probability that when the train is at the position x, and the handover condition (3) is met. With the power adjustment, it can be given by
where F s (x, r) and f s (x, r) are the cumulative distribution function (CDF) and the probability density function (PDF) of RSS from the serving cell and the target cell, respectively. It is worthy noting that the handover probability at position x does not mean the probability that the handover occurs at the position x. It also might occur before the position x. So, the following handover occurrence probability is defined.
2) HANDOVER OCCURRENCE PROBABILITY
The handover occurrence probability denotes the probability that the handover occurs at the position x. Such a probability points that before the position x the handover is not triggered, i.e., the handover condition is not met, and at the position x the handover condition is met and the handover is triggered.
The expression of the handover occurrence probability is given by (7) , as shown at the top of the next page.
3) HANDOVER FAILURE PROBABILITY
As mentioned in Section III, the handover failure means when the handover condition is met but the average RSS from the target cell is lower than a threshold T which is the minimum RSS to maintain a wireless communication. So the handover failure probability in (4) can be calculated by
Similar with the handover probability, the handover failure probability does not denote the probability that the handover failure occurs at the position x. For instance, although the train has a high probability of crossing the threshold within the subregion x ∈ (A, B) , the handover may not be triggered within such a region due to low handover occurrence probability. As a result, the train may suffer handover failure. It is worthy to define the handover failure occurrence probability as follows to represent the probability that the handover occurs but fails.
4) HANDOVER FAILURE OCCURRENCE PROBABILITY
The main idea of the handover failure occurrence probability is that before the position x the handover is not triggered, i.e., the handover condition is not met, and at the position x the handover condition is met and the handover is trigged, but it is failed because of the RSS from the target cell lower than the predefined threshold T . So the expression of the handover failure occurrence probability is given by
5) COMMUNICATION INTERRUPTION PROBABILITY
The communication interruption probability means that within the overlap region, the RSS from the serving cell 3 being lower than T , i.e., the wireless communication is broken. It is a important metric to evaluate the received quality of service (QoS) at the train and its expression is given by
From the definitions above, if one desires to improve the handover performance in HSRC systems, lower handover
failure probability, handover failure occurrence probability and communication interruption probability are required within the overlap region of two neighboring cells. To this end, the power adjustment leads the handover triggered in the second subregion, which is closer to the target cell, with higher handover probability and handover occurrence probability, so that the RSS from the target cell can be enhanced during the handover.
B. PERFORMANCE ANALYSIS OF BLANKET TRANSMISSION BASED HANDOVER SCHEME
In this subsection, we first provide RSS of the blanket transmission scheme and then present the expressions of performance metrics defined in Section IV-A for the blanket transmission based handover scheme.
1) RSS OF THE BLANKET TRANSMISSION SCHEME
In the blanket transmission scheme, the transmit power of the cell s is equally allocated to its every RAU. Thus, the received signal from the n-th RAU in the cell s to the train is
where h s,n (x) is the channel gain, τ s,n (bts) (t) is the transmit signal with E τ s,n (bts) (t) 2 = P t (x) /N , where P t (x) (in mW ) is the transmit power of the cell s, and n s,n (x) is the noise.
Then, the RSS in from the n-th RAU in cell s is
and the RSS is In the blanket transmission scheme, the received signal of the train shall be a summation of signals from all RAUs in a DAS cell, which can be expressed as To find a closed-form expression of the PDF of R (bts) s (x), one method using moment generating function (MGF) as a tool is introduced according to [22] . 
and PDF is 
where θ is a positive adjustable parameter, p
s,n (x), σ s,n and µ s,n are the mean and standard deviation of R (bts) s,n (x), K is the Gussian-Hermite integration order, ω k and a k are tabulated in [23] , and R K is a remainder term which decreases with the increment of K . Let R K = 0. Then, (16) can be approximated bŷ
The MGF of the sum of N lognormal variables
s,n (x) can be written as
Following (17), (18) can be approximated as (19) , as shown at the top of the next page. Choosing two real and positive values of θ, e.g., θ 1 and θ 2 ,σ (bts) s (x) and µ (bts) s (x) can be calculated by (19) . Then, the CDF of
can be given by (14) , following the PDF given by (15) .
For simplicity, we use R 
and the PDF of R (bts) s (x) can be given by
2) PERFORMANCE METRICS OF BLANKET TRANSMISSION BASED HANDOVER SCHEME
• Handover Probability: Combining (6), (20) and (21), the handover probability of the blanket transmission based handover scheme can be given by
• Handover occurrence probability: The handover occurrence probability of the blanket transmission based handover scheme can be derived by substituting P hp (x, H ) in (7) to (22) .
• Handover failure probability: For the blanket transmission based transmission scheme the handover failure probability is (23) , as shown at the top of the next page.
• Handover Failure Occurrence Probability: For the blanket transmission based handover scheme, we can substitute P fail (x, H , T ) and P occ (x, H ) in (9) with (23) and the handover occurrence probability mentioned in Section IV-A.4 associated with such a scheme.
• Communication Interruption Probability: The communication interruption probability of the blanket transmission based handover scheme can be gotten by substituting F s (x, T ) in (10) to (20) .
C. PERFORMANCE ANALYSIS OF RAU SELECTION TRANSMISSION BASED HANDOVER SCHEME
In this subsection, we first provide RSS of the RAU selection transmission scheme and then present the expressions of performance metrics defined in Section IV-A for the selection transmission based handover scheme.
1) RSS OF THE RAU SELECTION TRANSMISSION SCHEME
In the RAU selection transmission scheme, the transmit power of the cell s is totally allocated to one RAU with the strongest channel condition to the train. Since every time only one RAU is selected for transmission, the received signal from the n-th RAU in the cell s can be expressed as
where τ s,n (sls) (t) is the transmit signal by the RAU selection transmission scheme with E τ s,n (sls) (t) 2 = P t (x) when the n-th RAU is selected and E τ s,n (sls) (t) 2 = 0 when the n-th RAU is not selected.
The received signal of the cell s at the train shall be the signal from the selected RAU. The RSS can be expressed as
and the RSS is
Proposition 2: The RSS of the RAU selection transmission scheme R (sls) s (x) can be expressed by a Gaussian random variable, whose CDF is
and PDF
where
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and σ s,n are the mean and standard deviation of R (25) is a lognormal variable, following (26) , the RSS of the RAU selection transmission scheme is a normal variable with CDF as (27) and PDF as (28).
2) PERFORMANCE METRICS OF RAU SELECTION TRANSMISSION BASED HANDOVER SCHEME
• Handover Probability: For the RAU selection transmission based handover scheme, since the handover is triggered between the last RAU of the serving cell and the first RAU of target cell, the handover probability can be derived based on (6), (27) and (28) as follows
• Handover occurrence probability: The handover occurrence probability of the RAU selection transmission based handover scheme can be derived by substituting P hp (x, H ) in (7) to (30) • Handover failure probability: For the RAU selection transmission based handover scheme, the handover failure probability is (31), as shown at the top of this page.
• Handover Failure Occurrence Probability: For the RAU selection transmission based handover scheme, we can substitute P fail (x, H , T ) and P occ (x, H ) in (9) to (31) and the handover occurrence probability mentioned in Section IV-A.4 associated with such a scheme.
• Communication Interruption Probability: The communication interruption probability of the RAU selection transmission based handover scheme can be gotten by substituting F s (x, T ) in (10) to (27).
V. NUMERICAL RESULTS AND DISCUSSION
In this section, we shall evaluate the performance of the power adjustment assisted handover scheme via the simulations. For simplicity, we use ''BLA with PA'' and ''RAU with PA'' to denote the power adjustment assisted blanket transmission based handover scheme and RAU selection transmission based handover scheme, respectively. For comparison, we also consider some benchmark schemes, i.e.,
• Benchmark 1: the existing handover scheme in traditional cells (i.e., non-DAS cell [10] ) referring to ''TRA w/o PA'';
• Benchmark 2: the blanket transmission based handover scheme in DAS cells without power adjustment referring to ''BLA w/o PA'';
• Benchmark 3: the RAU selection transmission based handover scheme in DAS cells without power adjustment referring to ''RAU w/o PA''. In the simulations, each point on the curves is averaged over 1000 realizations. The parameters used in simulations are summarized in Table 1 . 
FIGURE 9.
Handover probability within the overlap region. Figure 9 represents the handover probability associated with RAU with PA, RAU w/o PA and TRA w/o PA versus the train's position x. To verify the analysis in Section IV, both analytical results and numerical results are presented. To achieve better handover performance, the handover is expected to be triggered in the second subregion (B,C), where the signal suffers relatively small large-scale fading from the target cell. In other words, the handover probability is expected to be low before B and to be high after B. For a predefined margin H , the expected handover position shall shift a little to the target cell. It is observed in Figure 9 that the handover probability in traditional cells changes slowly, which means that the handover will be triggered with higher randomness and perhaps in the first subregion (A,B). Compared with it, the handover probability changes sharply in DAS cells and the power adjustment helps RAU with PA to achieve better performance than RAU w/o PA. As the handover probability denotes the ''uncertainty'' in handover, the power adjustment intends to reduce the ''uncertainty'' in handover to let the handover has a high probability to be triggered in the second subregion (B,C). Figure 10 represents the normalized RSS from the serving cell and the target cell in the overlap region associated with RAU with PA, RAU w/o PA and TRA w/o PA. It is observed that the RSS in DAS cell are more distinguishable than that in the traditional cell which also helps the handover to be triggered with less ''uncertainty''. Basically, the power adjustment makes the RSS from two neighboring cells even more distinguishable.
To be more clearly, the handover occurrence probability associated with RAU with PA, RAU w/o PA and TRA w/o PA is shown in Figure 11 . It is observed that the handover occurrence probability in the traditional cell is very similar within the overlap region which means the handover occurrence position is too random. Compared with it, the handover occurrence probability in DAS cells turns to be more certain and the handover occurrence position is located at the second subregion (B,C). By the power adjustment, the handover occurrence position is likely near the middle point B of two neighboring cells, and also it shall shift a little to the target cell. Figure 12 discusses the effect of the power adjustment parameter G on the handover failure probability of different schemes. For the same transmit power, the power adjustment assisted handover scheme (P t =46dBm, G=4dB) achieves better system performance, compared with non-power FIGURE 12. Effect of power adjustment G on the handover failure occurrence probability within the overlap region. adjustment scheme (P t =46dBm, G=0dB). This is because the power adjustment helps to trigger the handover in the second subregion (B,C) where the train of interest is closer to the target cell and thus, has stronger RSS. Although, the power greedy scheme (P t =50dBm, G=0dB) achieves very similar system performance to the power adjustment assisted handover scheme, it consumes more power. In other words, the power adjustment assisted handover scheme reduces the handover failure probability without increasing extra energy consumption, which is accordance with the requirement of green communication. Note that for the fixed transmit power P t , the system with G=0dB is always inferior to the system with G=4dB, since G=4dB is the optimal G according to theorem 1 in our simulations. If one selects the value of G between 0dB and 4dB, the handover failure probability within the region embraced by the curves associated with 0dB with and that associated with 4dB can be achieved. Besides, it also can be seen that the RAU selection transmission based handover scheme achieves lower handover failure probability compared with the blanket transmission based handover scheme. This is maybe because the RAU selection transmission scheme allocates all power to the RAU who is nearest to the train, while the blanket transmission scheme equally allocates power to all RAUs. However, RAU selection transmission scheme is more complicated to realize by selecting the RAU for the train according to the position of the train. Figure 13 shows the handover failure occurrence probability associated with RAU with PA, RAU w/o PA and BLA w/o PA. It can be seen that as the power adjustment applied, the handover failure occurrence is avoided by avoiding the handover occurrence when the train passes the first subregion (A,B). In the second subregion (B,C) where the handover is expected to be triggered, the handover failure occurrence probability is very low by the power adjustment assisted handover scheme. Moreover, it is observed that the RAU selection transmission is more appropriate for HSRC than the blanket transmission scheme. Figure 14 shows the communication interruption probability associated with RAU with PA, RAU w/o PA and BLA w/o PA within the overlap region. It is observed that RAU with PA has the lowest communication interruption probability both in simulation and the analytical results, which means the power adjustment helps to enhance RSS at the train within the overlap region. This is because the power adjustment allows the serving cell using more power for the train when the train of interest is in the first subregion and the target cell using more power when the train of interest is in the second subregion, so that the train of interest can always be with high quality wireless coverage. Moreover, it can also be seen that the RAU selection transmission scheme is better than the blanket transmission scheme considering the communication interruption probability.
VI. CONCLUSION
To handle the handover problem in high-mobility scenario of the next generation communications, in this paper, we embedded power adjustment in existing handover procedure and applied it to HSRC. The main idea of the power adjust-ment is to reduce the impact of the fading on the RSS so that the ''uncertainty'' in handover can be mitigated. To this end, the power adjustment avoids the handover failure occurrence. To evaluate the performance of the power adjustment assisted handover scheme, we defined two new performance metrics named as the handover occurrence probability and the handover failure occurrence probability. The analysis and the simulation results demonstrated that the power adjustment assisted handover scheme could obtain a better handover performance over the existing works. More, compared with the handover scheme with increment of transmit power at each BS, the power adjustment assisted handover scheme can achieve the similar handover performance without increasing extra energy consumption.
